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SUBSTITUTE SPECIFICATION 

DETECTOR UNIT 

Background of the Invention 

[0001] The invention relates to a detector unit which is designed for 
connection to an optical bus which is formed by detector units of the same 
type arranged adjacently. 

[0002] Such detector units serve, for example, as sensor devices, in 
particular as light barriers, diffuse sensors, inductive proximity switches, 
capacitive proximity switches or ultrasonic sensors. In some applications a 
plurality of such detector units are used in a close spatial arrangement to 
pick up a plurality of measurement values simultaneously. A common 
control of these detector units and a data flow between the detector units 
among one another is required here. For this purpose, the detector units are 
connected to a common data bus. 

[0003] It is known for the forming of this data bus to provide a galvanic 
plug connection between the adjacent detector units. Such a connection, 
however, has an insufficient protection category for some applications. 

[0004] Detector units have therefore been developed for demands with a 
higher protection category which have a respective optical interface and an 
associated photoelectrical transceiver at two opposing housing sides, with 
the optical interfaces of two adjacent detector units being provided in a 
congruent arrangement. An optoelectronic bus, which allows a bidirectional 
communication between the adjacent detector units, is thereby formed via 
the two photoelectrical transceivers electrically connected to one another 
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and the associated optical interfaces of this detector unit with adjacent 
detector units. 

[0005] A disadvantage of this design lies in the fact that the data 
communication, in particular the synchronization, takes a response time 
which is undesirably long for some applications since a signal to be 
transmitted along the formed bus has to be transformed, starting from an 
optical signal, into an electrical signal and back into an optical signal within 
each detector unit. Moreover, the design of the detector units explained is 
comparatively complex and therefore undesirably expensive. 

Summary of the Invention 

[0006] An object of the invention therefore consists of providing a detector 
unit which allows fast data communication with detector units of the same 
type arranged adjacently with a favorably priced design and a high 
protection category. 

[00O7] This object is satisfied in that the detector unit has a light 
transmitter, a light receiver and at least one optical connection path by 
which two optical interfaces are optically connected to one another; and in 
that at least one optical anomaly is arranged along the optical connection 
path which is designed to couple light of the light transmitter into the 
optical connection path and to couple light out of the optical connection 
path to the light receiver. 

[0008] In the detector unit in accordance with the invention, at least one 
continuous optical connection path is therefore provided which extends 
between two optical interfaces. These allow an optical link to one detector 
unit with a corresponding optical interface arranged adjacently in each case. 
An optical anomaly at the optical connection path allows a coupling and 
uncoupling of light signals from the light transmitter or to the light receiver. 
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[0009] The respective optical connection paths are thus connected by a 
plurality of such detector units arranged adjacently to one another via the 
respective optical interfaces to form a single, continuous optical connection 
path, with each optically coupled detector unit being able to couple light 
signals into this connection path and to receive light signals from this 
common connection path. A purely optical bus is thus formed in which the 
coupling of the detector units arranged adjacently to one another takes 
place in an optical manner such that no multiple transformation between 
optical and electrical signals is required for the signal transmission between 
different detector units. An optoelectronic transformation only takes place 
when a signal should be fed into or taken out of the optical bus. 

[0010] An advantage of the invention thus consists of the signal 
transmission between any desired detector units being possible without any 
particular time loss. All detector units can thus be synchronized 
simultaneously without the response times of the individual detector units 
being added to one another. 

[0011] A further advantage of such detector units consists of every detector 
unit being able to communicate at any time with every other desired 
detector unit such that a particularly efficient communication of a system of 
a plurality of detectors is possible. 

[0012] It is moreover unimportant for the communication of a detector unit 
with another detector unit of a system of a plurality of such detector units 
whether the light transmitter or the light receiver of a detector unit lying 
therebetween is defective, since the communication runs exclusively along 
the commonly formed optical connection path. A system of a plurality of 
detector units in accordance with the invention is thus particularly resistant 
to disturbances with respect to a defect of an individual detector unit. 
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[0013] Furthermore, a detector unit in accordance with the invention can 
be produced in a comparatively favorably priced manner since only one 
single light transmitter and one single light receiver are required. 

[0014] To the extent that reference is made in connection with the invention 
to the transmission of light, electromagnetic radiation of the ultraviolet or of 
the infrared spectral range is also to be understood by this. 

[0015] In accordance with a preferred embodiment, the optical connection 
path within the detector unit is formed by a light guide, that is, by a solid 
body of an optically dense material. Alternatively to this, a reflecting 
passage, that is, an internally reflecting hollow body, can also be provided. 

[0016] The optical connection path preferably extends inside the detector 
unit in a straight light from one housing side to an opposite housing side. 

[0017] The optical interface at an end of the optical connection path can, for 
example, be formed by a transparent terminal window or by a housing 
section transparent to the wavelength used. 

[0018] The optical anomaly provided at the optical connection path can, for 
example, be a totally reflecting recess of the connection path, in particular of 
a light guide. This recess can have any desired shape, in particular a round 
shape or a prismatic shape. Alternatively to this, the optical anomaly can 
also have one or more partly transmitting reflection elements, for example 
partly transmitting mirrors. 

[0019] It is furthermore preferred for the detector unit to have one single 
optical connection path which opens into the optical interfaces at both ends 
and at which both the light transmitter and the light receiver are arranged. 
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[0020] Alternatively to this, however, it is also possible for the detector unit 
to have two optical connection paths, with the light transmitter being 
associated with the one connection path and the light receiver being 
associated with the other connection path. Two different optical connection 
paths, in particular extending parallel to one another, are therefore formed 
by a system of a plurality of such adjacent detector units to one another. 

[0021] The invention also relates to a system having a plurality of detector 
units of the explained type which together form an optical bus in tandem 
connection. 

[0022] Such a system can furthermore have one or more adapter units to be 
able to connect a plurality of groups (clusters) of adjacent detector units to 
one another optically or by optoelectronic repeaters. 

[0023] Furthermore, such a system can have one or more terminal units 
which allow an optical termination of the ends of a series of adjacent 
detector units arranged adjacently to one another such that the light guided 
within the commonly formed optical connection path does not exit the 
connection path at an end face. 

[0024] Finally, such a system can also have a control unit for the 
synchronization of the optical bus formed by the detector units. Such a 
control unit can in particular have an optical interface and a light 
transmitter and a light receiver to allow communication with the connected 
detector units. For this purpose, a specifically formed control unit can be 
provided which in particular has a special interface for the connection of an 
additional control unit, for example of a portable computer. Alternatively to 
this, any desired detector unit of the system can also take over the function 
of the control unit, for example on the basis of a corresponding activation by 
means of a dip switch. 
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[0025] The invention will be explained in the following by way of example 
with reference to the drawings. 

Brief Description of the Drawings 

[0026] Fig. 1 is a schematic perspective view of a detector unit in 
accordance with the invention; 

[0027] Fig. 2 is a schematic plan view of a system of a plurality of detector 
units arranged in series adjacently to one another; 

[0028] Fig. 3 is a schematic perspective view of a system of a plurality of 
detector units arranged in series adjacently to one another; 

[0029] Fig. 4 is a schematic plan view of a system of clustered detector 
units, with the individual clusters being connected to one another by 
lightwave guides and by a corresponding adapter or repeater; 

[0030] Fig. 5 is a schematic plan view of a star- shaped system of detector 
units; and 

[0031] Fig. 6 is a schematic plan view of an alternative embodiment of a 
system of detector units arranged in series. 

Description of the Preferred Embodiments 

[0032] Fig. 1 shows a detector unit 1 1 in accordance with the invention 
having an integrated sensor device 13, for example a diffuse sensor, or 
having a part 13 thereof, for example a sensor interface. Such an interface 
can make the connection of connecting means possible, for example of 
electrical cable or of light guides, to a remotely installable optoelectronic, 
inductive or other sensor head (not shown in Fig. 1). 
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[0033] The detector unit 1 1 has an optical connection path 15 which, 
starting from an optical interface 17 which is arranged at the housing side of 
the detector unit 1 1 shown in Fig. 1 and is formed by a transparent terminal 
window, extends in a straight line to an optical interface 17' at the opposite 
housing side. An optical anomaly is formed at the optical connection path 
15 and a light transmitter and a light receiver are arranged, as will still be 
explained in the following. 

[0034] Furthermore, optionally at least one control signal input/ output 18 
and electrical terminals 19 are provided at the housing side of the detector 
unit 1 1 shown in Fig. 1 which in a manner known per se make signal lines 
available or serve for the energy supply. 

[0035] Fig. 2 shows a system of five detector units 1 1 of the type explained 
with reference to Fig. 1. The optical connection path 15 of each detector unit 
1 1 is formed by a light guide which is provided with two recesses 2 1 of a 
triangular outline. A light transmitter 23, for example a light-emitting diode, 
is optically connected to the connection path 15 opposite the one recess 21. 
A light receiver 25, for example a photodiode, is optically coupled to the 
connection path 15 opposite the respectively other recess 21. Each detector 
unit 1 1 thus has a single light transmitter 23 and a single light receiver 25 
which are connected to a control circuit 27. The control circuit 27 is 
electrically connected to the respective sensor device 13 in a manner not 
shown in Fig. 2. 

[0036] The optical interfaces 17, 17', the recesses 21, the light transmitter 
23 and the light receiver 25 of a detector unit 1 1 are arranged such that, on 
the one hand, the optical interfaces 17, 17' are optically connected to one 
another and, on the other hand, every optical interface 17, 17' is also 
optically connected to the light transmitter 23 and to the light receiver 25. In 
other words, transmitted light of the light transmitter 23 is reflected in the 
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direction of each of the two optical interfaces 17, 17' and the light entering 
into the optical connection path 15 from the two optical interfaces 17, 17 f is 
reflected - at least partly - in the direction of the light receiver 25. 

[0037] As can be seen from the plan view in accordance with Fig. 2, the 
optical interfaces 17, 17' of the detector units 11 arranged adjacently to one 
another are arranged congruently such that the optical connection paths 15 
of the individual detector units 1 1 form a common, straight-line optical 
connection path of the system shown. 

[0038] In this manner, all detector units 1 1 are in direct optical contact 
such that, for example, the detector unit 1 1 shown at the left in Fig. 2 can 
communicate with the light receiver 25 of the middle detector unit 1 1 via its 
light transmitter 23. The system shown thus has a very low response time 
for any desired communication between two or more detector units 11, and 
a plurality of or all detector units 1 1 can be controlled simultaneously. 

[0039] It must still be noted with respect to the system shown in Fig. 2 that 
the individual detector units 1 1 can also be arranged closely next to one 
another, and in particular in direct optical contact of the respective optical 
interfaces 17, 17', in order to avoid or to reduce losses of the light guided 
along the optical connection path 15. 

[0040] To reduce the optical losses, reflecting terminal elements can be 
provided at the ends of the common optical connection path formed by the 
individual optical connection paths 15 and reflect the light reaching the 
respectively outermost optical interface 17 or 17' back into the relevant 
optical connection path 15. A terminal unit 29 is shown by way of example 
in Fig. 2 which is provided with a terminal reflector 3 1 in a congruent 
arrangement with the optical interface 17 of the adjacent detector unit 1 1 . 
The terminal reflector 31 can be formed, for example, as an adhesive label 
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with metallized plastic. Such terminal units 29 can also be provided at both 
ends of the arrangement of detector units 1 1 shown in series-like 
arrangement in Fig. 2. 

[0041] Alternatively to this, the optical interfaces 17, 17' of all detector 
units 1 1 can also be formed as terminal adapters which allow a connection 
or placing on of a reflecting terminal element, provided that the relevant 
detector unit 1 1 is provided for the arrangement at the end face of a series of 
detector units 1 1 . 

[0042] Finally, it must still be noted with respect to the detector units 1 1 in 
accordance with Fig. 2 that the light transmitter 23 and the light receiver 25 
of a detector unit 1 1 can be formed, in particular together with the control 
circuit 26, by a single transceiver element. A particularly favorably priced 
production and integration into the relevant detector units 1 1 is thereby 
possible. 

[0043] Fig. 3 shows a perspective view of a series-like arrangement of a 
system of a plurality of detector units 1 1 in accordance with Fig. 2. The 
detector units 1 1 are here mounted on a common terminal rail 33 which 
ensures the required mechanical hold and can furthermore be equipped 
with additional electrical contacts. In the embodiment in accordance with 
Fig. 3, the detector units 1 1 are in direct areal contact with one another. 

[0044] Fig. 4 shows an embodiment of a system having a clustered 
arrangement of detector units 1 1 . The detector units 1 1 are associated 
either with a first group 35 or with a second group 37. An adapter unit 39 is 
arranged at respectively one end of each group 35, 37 such that an optical 
interface 41 of this adapter unit 39 is arranged congruently with the optical 
interface 17' of the adjacent detector unit 1 1 of the relevant group 35 or 37. 
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[0045] A light guide output 43 is optically connected to the optical interface 
41 of the adapter unit 39, for example via an optical connection path similar 
to that of the detector unit 1 1 . Alternatively to this, the optical interface 4 1 
can also be connected to the light guide output 43 in an optoelectronic 
manner. For example, the adapter unit 39 can have an optoelectronic 
repeater in which the light signal is converted intermittently into an electric 
signal and back again into a light signal such that a signal amplification is 
possible within the adapter unit 39. 

[0046] The light guide outputs 43 of the two adapter units 39 are optically 
connected to one another via a flexible connection light guide 45. 

[0047] The common optical connection path of the first group 35 of detector 
units 11, which is formed by the individual optical connection paths 15 of 
these detector units 1 1 , is thus in optical connection with the common 
optical connection path of the second group 37. In the system shown in Fig. 
4, all detector units 1 1 can thereby optically communicate with one another 
directly although the detector units 1 1 of the first group 35 are not arranged 
directly adjacently to the detector units 1 1 of the second group 37. 

[0048] It must still be noted with respect to the embodiment in accordance 
with Fig. 4 that terminal units or terminal elements can also be provided at 
the detector units 1 1 of each group 35, 37, which are arranged at the 
opposite end of the relevant group 35 or 37 with respect to the respective 
adapter unit 39, as already explained in connection with Fig. 2. 

[0049] It must also be noted that a terminal adapter can also be provided at 
the optical interface 17, 17' of each detector unit 1 1 for the direct connection 
of a connection light guide 45 so that the necessity for a separate adapter 
unit 39 can be dropped. 



[0050] Fig. 5 shows an embodiment of a system of a plurality of detector 
units 1 1 of the same type, with the detector units 1 1 being divided into a 
first group 35, a second group 37 and a third group 47. The detector units 
11 of all groups 35, 37, 47 are in direct optical connection. 

[0051] This is achieved in that the groups 35, 37 - as already explained in 
connection with Fig. 4 - are each provided with an adapter unit 39 which 
makes possible the connection of a respective connection light guide 45. 
Furthermore, an end of the series-like arrangement of detector units 1 1 
formed by the third group 1 1 is provided with an adapter unit 49 which has 
an optical interface 5 1 which is arranged congruently with the optical 
interface 17 of the adjacent detector unit 11. Starting from this optical 
interface 51, an optical connection passage 53 extends which opens at two 
light guide outputs 55. One each of the connection light guides 45 is 
respectively coupled to the light guide outputs 55, the connection light 
guides establishing the optical connection to the first group 35 or to the 
second group 37. 

[0052] All detector units 1 1 of the system shown in Fig. 5 are thus in direct 
optical contact with one another. The connection light guides 45 allow any 
desired star-shaped arrangement of the three groups 35, 37, 47 relative to 
one another due to their flexibility. 

[0053] More than three groups 35, 37, 47 of detector units 1 1 can also be 
connected to one another in the manner explained with reference to Fig. 5, 
in particular by use of an adapter unit 49 having an even larger number of 
optical interfaces 51 or light guide outputs 55. 

[0054] Fig. 6 shows an embodiment of a system of detector units 1 1 which 
each have two optical connection paths 15. Each optical connection path 15 
extends between two optical interfaces 17, 17'. However, only a single recess 
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21 is provided here at each optical connection path 15, with a light 
transmitter 23 being provided at the one optical connection path 15 in each 
case in an opposite position to this recess 2 1 and a light receiver 25 being 
provided at the other optical connection path 15. 

[0055] The optical connection paths 15 each provided with a light 
transmitter 23 thus form a common transmission path for the transmitted 
light emitted by the light transmitters 23, and the other optical connection 
paths 15 each provided with a light receiver 25 form a common reception 
path. 

[0056] An optical connection between the transmission path and the 
reception path is made possible by two terminal units 57 which are provided 
at both end faces of the series-like arrangement of the detector units 1 1 . The 
terminal units 57 each have - in a congruent arrangement with the optical 
interfaces 17, 17' of the detector units 1 1 - two optical interfaces 59 which 
are optically connected to one another within the relevant terminal unit 57 
via an optical connection passage 61. 
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